SUMMARY. Insizwaite from Waterfall Gorge, Insizwa, is a new mineral with the composition Ptl.00Bil.~sSb0.57. The name is for the locality and is to be applied to the end member PtBi2. The analysed material is an antimonian variety. The mineral is cubic, the unit-cell for the antimonian variety has a 6"625 (2)/~, probable space group Pa3, calc. D 12.8 g/cm a. The strongest lines on the X-ray diffraction powder pattern are: 2.96 (8) 21o; 2.70 (8) 2II; 2"34 (5) 220; I'99 (I0) 311; ~'774 (7) 32I ; I'433 (5) 421 ; I'277 (6) 511, 333 ; I'I71 (6) 44O; and 0.862 (7) 73I. Under reflected light the mineral is white (in air and in oil) and is isotropic. Reflectance measurements at 470, 546, 589, and 650 nm gave 6I,i, 60.0, 6o'6, and 6I'7 %. Micro-indentation hardness values range from 488 to 54o (av. 5~9) kg/mm 2 with a 25 g load.
Materia& and method of investigation
The minerals were studied by ore microscopy, X-ray diffraction analysis, and by the electron-probe microanalyser. X-ray diffraction powder data were obtained by the film method using 57"3 and I24"6 mm Gandolfi and Debye-Scherrer cameras. Film shrinkage corrections were applied, and the unit-cell parameters were refined by a least-squares computer programme. 9 Crown Copyright reserved.
FIGS. I and z: Fro. 1 (left). Pentlandite (pn)-chalcopyrite (cp)-parkerite (pk) vein with inclusions of insizwaite (white) and niggliite (grey within insizwaite). Fic. 2 (right). Largest insizwaite grain (from fig. I ) showing details of niggliite inclusions and exsolved chalcopyrite lamellae in the pentlandite.
The compositions were determined using a Materials Analysis Company model 4o0 electron-probe microanalyser; both metals and synthetic Pt-Bi-Sb and PtSn were used as standards. Corrections were applied using Edition VII of the programme by Rucklidge (I967).
The sample was mounted in cold-setting plastic, polished on lead laps and lightly buffed on a cloth lap using o-0.2/z alumina. The reflectance values were obtained with a Leitz MPE microscope photometer equipped with a Dumont 6467 photomultiplier tube and a continuous-band interference filter. A silicon standard calibrated by the National Physical Laboratory, Great Britain, was used as a reference. A I6"5: I objective with a numerical aperture of o'4o was used. The micro-indentation hardness was measured with a Leitz Durimet tester.
Optical, physical, and chemical properties
Insizwaite. In reflected light the mineral is white both in air and under oil immersion.
It is isotropic and no bireflectance is observed. The reflectance was measured for the four wavelengths 47o, 546, 589, and 65o nm giving the values 61.1, 6o.o, 60.6, and 61"7 %, respectively. The reflectance values are the mean for five measurements on one grain. Reflectance was also measured for the high-and low-temperature polymorphs of synthetic PtBi2. Values obtained for the same four wavelengths were 55"2, 57"3, 58"4, and 59"7 % for high-PtBi~ and 58"6, 59"7, 61"7, and 66"3 % for low-PtBi2.
The micro-indentation hardness values were obtained from seven measurements on the largest grain (no. I in table I) with a 25 g load. The range of micro-indentation hardness is 488 to 54o, with an average value o f 519 kg/mm ~. Synthetic insizwaite (Ptl.ooBil.40Sbo.~0) has a range in values of 441 to 576 and a mean of 503 k g / m m ~ for the same load. Synthetic PtBi 2 gave quite different micro-indentation hardness values for the two polymorphs. Low temperature PtBi2 had VHN25 = 437 to 459 (av. 45o) kg/mm z while the high-temperature form exhibited hardness anisotropy and much lower values. One diagonal had VHN25 = IO2 to I28 (av. 1 I4) and the other VHN25 I31 to x88 fay. 166).
The results of the microanalyses for five grains are given in table I, and the average formula for insizwaite from the above analyses is Ptl.0oSbl.zsSbo.sv
The unit-cell of synthetic low-temperature PtBi2 was reported by Wallbaum (I943) as a 6.695 (5) ]~ and we have obtained a 6"691 (2) A. Our pattern is included in table II for comparison because it is more complete than the earlier published pattern. The t~nit-cell of insizwaite (Grain no. I) has a 6"625 (2) ~k and we obtained a 6"614 (2) ]k for a synthetic insizwaite (Ptl,0oBil.~oSb0.6o). Niggliite. Confusion regarding the composition of niggliite began with the preliminary report by Scholtz (1936) that platinum and tellurium were present. The close similarity of niggliite to synthetic PtTe, both in X-ray diffraction pattern and in optical properties, led Groeneveld Meijer (1955) to suggest that they were identical. Ramdohr (196o) suggests that the formula is P%Sn3 but in Ramdohr (1969) the composition is given as 'PtTe, perhaps a mixed crystal with isostructural PtSn'. Scholtz (pers. comm. 23 Jan. I970 reports that re-examination showed niggliite is essentially PtSn. Under reflected light the mineral is characterized by very high bireflectance, from pinkish-cream to pale cobalt-blue. The anisotropism is intense, from bright pinkishcream to very dark-blue or black. The reflectance for the four wavelengths 47o, 546, 589, and 65 ~ was 46.5, 42"6, 40"6, and 38"4 % for the minimum position (blue) and 63"5, 62.8, 6I-8, and 63. 9 % for the maximum position (pinkish-cream), all respectively. The values represent the mean of three separate measurements on Grain no. i in table I. Niggliite exhibits hardness anisotropy. For Grain no. I VHN25 = 585 to 612 (av. 599) and 642 to 673 (av. 657 ) kg/mm 2 for five indentations. A second grain gave VHN25 = 572 to 612 (av. 59 O) and 657 to 673 (av. 67o) kg/mm 2 for four indentations.
The compositions for two grains of niggliite are given on table I, other grains microanalysed were found to be inhomogenous and had larger quantities of Sb.
The X-ray diffraction data for PtSn are very unsatisfactory, with no powder pattern in the literature. Harris et al. (I968) report that PtSn has hexagonal symmetry, with cell dimensions a 4"1oi3 (2) and c 5"4403 (2)/k and space group P63/mmc. Our synthetic PtSn has the unit-cell a 4.Ioo (I) and c 5"432 (2) A (table III) . The PtSn was carefully examined microscopically and with the electron-probe and found to be Both patterns obtained using Ni-filtered Cu-radiation: II4"6 mm Debye-Scherrer for PtBi2 and 57"3 mm Gandolfi for insizwaite. All intensities visually estimated. *Measured from a 114'6 mm Gandolfi camera film because the smaller film was too dark in the low zO region. a homogeneous phase. We were unable to obtain a powder pattern of niggfiite free of minor parkerite impurities, but this pattern is obviously closely related to that of synthetic PtSn and to the niggliite pattern reported by Scholtz 0936) ( fig. I ) for Bi has not been determined. The showing details of parkerite twinning and largest grain of niggliite (dark grey). A few degrees from Pt:(Bi,Sb) ratio ranged from I-9I to extinction. 1"94 and the mean was 1.92. It is not certain if this ratio indicates a real deficiency in the structure or if it is due to minor errors in the corrections applied. Prior to using the synthetic homogeneous standard of composition Ptl.00Bil.n0Sb0.40, analyses using metal standards gave a ratio ranging from 1-76 to ~.79. This suggests that the required corrections brought about by the programme were insufficient and that analyses of minerals containing these elements should be viewed with caution if they were derived by using metal standards.
Elliott (I965), in his review of the Bi-Pt system, indicates that PtBi2 transforms to a high-temperature form at about 27o ~ and that it melts incongruently at about 66o ~ We have synthesized the high-temperature form at 600 ~ and quenched it successfully; this form exhibits significantly different V H N values from the low-temperature form. The composition Ptl.00Bi~.60Sb0.40 synthesized at 6oo ~ however, had the X-ray diffraction pattern of low-temperature PtBi~ as well as similar V H N values. The addition of Sb either raises the temperature of this inversion or prevents the preservation of the high form.
Niggliite from the type locality has been shown to be an antimonian-bismuthian variety of PtSn. All patterns obtained with Ni-filtered Cu-radiation. 57"3 mm Gandolfi and 114'6 mm Debye-Scherrer cameras used in this study for niggliite and PtSn, respectively. Intensities visually estimated in this study (b = broad) : w = weak, m = medium, s = strong reported by Scholtz. * Reflections due to parkerite. ** Reflections due to parkerite plus niggliite. *** Only observed on 57"3 mm Debye-Scherrer film.
